PATHOLOGICAL
Introduction
Intracranİal malformations and especially hydranencephaly have been reported in relation to prenatal infections with viruses of several families in calves. e.g. Reoviridae-bluetongue virus (15, 17, 29) , Chuzan virus (7); Bunyaviridae-Akabane virus (4, i i, 12), Aino virus (4, 22) ; Togaviridae-bovine viral diarrhea virus (2) .
In the spring of i980, the first severe outbreak of arthrogryposis and hydranenccphaly (AG / HE) in calves was reported in the westem part of Turkey (33) . Similar congenital deformities have been recorded in field outbreaks among the calves in Japan (13, 14, 24) , Australia (5, 8, 31) and Israel (ıo, 16, 24) , and it is generally accepted that these can be caused by the Akabane virus (4, i i-i4, 20, 23). As well ,!-S this, there are indications that the bluetongue virus (BTV) may cause congenital defects in the central nervous system (CNS) both in the field and laboratory (15, 17, 26, 27, 29) .
Secondly, another outbreak characterized only hydranencephaly was observed in calves in the southem part of Turkey in 1985/ 86. This paper presents the results of a study of the pathology of 22 affected calves from the southem part of Turkey in 1985.
Materİals and Methods
A total of 22 hydranencephalic calves were supplied from the provinces of Antalya and İçel between May 1985-July 1985: 13 from the region around Antalya and 9 from the region around İçel. Table i shows calves' age, brain weight, breed, sex and origin.
Calves no 2 i and 22 were conveyed to the University of Ankara, Faculty of Veterinary Medicine, Department of Clinical Sciences for clinical examination, electroencephalography (EEG) and electrocardiography (ECG) on July 12, 1985. Blood sera samples relating to the first 1i calves and some of theİr mothers were sent to Pirbright AVRI, for examination of neutralizing antibodies against the Akabane and bluetongue viruses.
Following a clinical examination of the live animals apart from numbers 1, 2, 3 and 4, they were necropsied. The brain and spinal cord were removed and a gross examination was made. The complete range of other organs and tissues were taken from the calves. Following fixation with 10 % buffered formalin the brains were weighed and sliced transversally ( Fig. 1 ) and gross lesion s recorded. Tissue samples were taken from the brain and cord, and other viscera. These were processed for histological examination by conventional methods. Sections were stained with haemotoxylin and eosin (HE) and selected sections from the CNS were also stained with Klüver and Barrera's luxol fast blue (LFB) for myelin-Gomori's method for reticulum fibers and Holzer's method for neuroglial fibers.
Results

Clinical findings:
The major defect was a lack of intelligence, and blindness. In a small series tested, the eye preservation reflexes werc absent, but pupillary light reflcxes were presenL They were dummies, Gross pathology of the central nervous system: The cerebral hemispheres or major part s of them were represented by a fluctuant fluid-filled sac bounded by a thin delicate membrane which was attaehed to the meninges and which frequently collapsed as the calvarium was removed. The fluid was watery and c1ear or blood-stained. Occasionally the hemispheric lesions were asymmetrical and occasionally symmetrica!' Cystic cavities were found in the residual heınispheric tissues and midbrain. They were located in areas bilateral or unilateral to the mesencephalic cana!. Although the brain stern appeared unchanged from the exterior, cross sections showed solitary and multiple cystic eavities of various sizes in the ncrve tissue. Particularly large cavities, approximately 0,5 cm in diamcter were observed in the residual hemispheric tissues (Fig. 2) . The inner surface of the cavity was usuaIly moist, with a slight aceumulation of CSF.
After formalin fixation brain weight (Table i) Most of the cases had smaIl nodular masses of 1-2 mm in diameter on the leptomeninges, eorpus cal10sum and nucleus caudatus. Parti al absence and defect of the eorpus eal10sum were observed in some braİns. Total absenee and defects were also observed in the septum peIlueidum. Moreover, cystic septum peIlucidum cal1ed double septum or 5 th ventricle or cavum septi pel1ucidi anatomical1y was found in one case (Fig. 3) . In some cases, the sept um peIlucidum was intact, but extremely thin. There were deformities in the shape of the nucleus caudatus, thalamus, meseneephalon and eerebeIlum. These deformities could be due to the compression of the hemispheres which were full of fluid. Another marked finding was band-shaped residual brain tissues between eorpus callosum-residual hemispheres, nucleus caudatusresidual hemispheres, and residual hemispheres-residual hemispheres (Fig. 4) . The hippoeampus was great1y redueed unilateral1y or bilateraIly and in some of the cases a granular surfaee was observed. The ventral portion of the eerebrum beeame as thin as a shell beeause of the nearabsence of the frontal temporal and parietal lobes. As a result, the corpus striatum, thalamus and hippocampus were exposed. The other macroscopical findings were obstruction of the 3 rd yentric1e (Fig. 5 ), displacement and hypoplasia of the pineal body (Figs. 6, 7) , dilatation of the meseneephalic canal ( Fig. 8 ) and a erateriform appcaranee of the tectum mescneephaly. A Siight cerebeHar hypoplasİa (Fig. 4) . hernİation and İrregularİty of the folium were encountered in so me calves.
Gross pathology of other fissues and organs:
There were no consİst-ent assocİated lesions outside the braİn. The wounds of the back and legs, subcutaneous haemorrhages of the head and legs, subcutaneous jelatinous accul11ulatİons and hepatisation of the cranİal lo bes İn the lungs were observed İn calves nos 13,14, LS and 16, respectİvely. Apart from pneumotic lesİons İn the lungs, these must be traumatİc due to blindness. Therc were no pathological changes İn the eyes and optic ncrvcs.
Histology of the central nervous system:
Hydranencephaly was characterized histologicaııy by a cerebral cortex so thin that at low magnification it f itted into one microscopic field. Jts internal surface with epenoymal ceııs was frequently incomplete or absent. Abundant ınesodermal fibers associated with numeroııs capiııaries ""ere observed in the residual hemispheric tissues (Fig. 9) , corpus callosum, septum peııucidum, hippocampus, thalaınus, pincal body, hypophysis, mesencephalon and promontorium gliosum calami scriptorii of the medulla oblongata. These gaye a sclerotic appearance to the tissue (Fig. 10) . The thin residual hemispheric tissues were sclerotic in appearance (Fig. i i) , although the relatively large tissues had anormal histologic strııctllfe and so me areas of residual tissues were composed of only leptomeninges.
There were alsa gIial infiltrations, bat h nodular and diffuse, in the vicinity of the ependymal lining. Quite of ten these glial nodules were seen to protrude into the ventricles or mesencephalic cana\.
Cystic cavitations, subependymal rosettes, mineralisations, microhaemorrhages and spongiotic areas were observed in various parts of the CNS, and subcortical cavitations. substantia grisea-substantia alba-substantia grisea or mixed structure (Fig. 12) were seen in the residual cerebral cortex in some cases. Ependymal dysplasia located in the vicinity of the central cana! was also found.
The cystic cavities were a space formed in the nerve tissue without any special type of wall, in which both nerve cells and nerve fibers dissappeared completely. Neuroglial ceıı infiltrated into the cavity and of ten mixed with fragments of nerve fibers or the cavity was totally empty under the microscope (Fig. 13) . The nerve tissue around the cavity was destroyed and there was disruption and rarefaction of nerve fibers or was pack ed with CSF under pressure.
The cavitation was of perivascıılar origin, and was probably inflıı-enced by the excess pressııre of the CSF. The Wirchow-Robin spaces became extremely dilated. The CSF invaded the nerve tissue adjacent to the perivascular space, which then disrupted and dissappeared. A cavity involving blood vessels eventuaıı formed in or near this space. These types of cystic cavities were especially found in the l11esenceph-alan and rhombencephalon.
it is known that ependymal roset formatian in congenital encephalopathies is often seen in the sııbependymal areas along the ventricles. Subependymal rosettes were alsa observed in all calves (Figs. 14, 15) except calf no 22. As well as this, same ependymal rosettes were found in the deep part of the nerve tissue. These may depend on pressure of the CSF.
A few smail foci of mineralisation, which probably deveIoped during the growth of the brain, occurred in the residual hemispheric tissues, thalamus (Figs. 13, 16 ). pİneal body and hypophysis. The obstruction of the 3 rd ventricle due to cakium salts was observed in one calf. Furthermore, this type of cakium precipitate was free in the bases of the hemispheric sacs of so me of the affected brains.
Deformities in the shape of the cerebellum, probably duc to CSF compression were encountered and they showed no remarkable pathological changes except that case no 7 and case no 2 had hypoplastic changes including depletition of the extemal granular layer, Purkinje cell ectopia, and reduction in the width of the granular or molecular layer. In these affected cases, the cortical architecture was disturbed, foliation was rudimentary and islands embedded within the substance were surrounded by Purkinje and granular cells (microgyria) (Fig. 17) . Two calves (Calves no i 1 and 12), which werc not able to walk during their life, exhibited microhaemorrhages in the lateral and ventral hom of the medulla spinalis.
Myelination was normal in the sections stained by the LFB method. A marked systematic increase in glial fibers was frequently seen in the periphery of the dilated perivascular spaees, the wall of the ventricles and cavities in sections stained with Holzer's method.
Inflammatory changes were not round in the CNS of the calves except that calf 22 had marked nonpurulent encephalitis. There were no lesions in the eyes and optic nerves histologically İn any of the cases examiııcd for this.
Discussion and Conclusion
In Turkey, bluctongue diseasc (BTD) in sheep was first clinically diagnosed İn the south of the country, in 1944 (1). Af ter a 30-year break, there were 19 separate outbreaks in southwestern Turkey in 1977 and spread to other areas in the same region in i978 and ı979 (I, 30, 35) .
In that period avirus isolated frol11 a sheep was identified as BTV serotype 4 (35) .
In March 1980, the first outbreak of AG / HE in calves in the southwestem part of Turkey was reported (33) . In May 1980 serological investigations carried out on blood collected in westem Turkey showed antibodies to Akabane virus in adult cattle and calves and in a colostrum-deprived calf. However, the Akabane virus was not isolated. In Octabel' 1980 BTV serotype 4 was isolated from a newbom calf with AG / HE (35) .
Almost five years later, in May 1985, we observed another Oııt-break in calves around Antalya and İçel in the southem part of Turkey (Fig. 18 ) which manifested itself only by hydranencephaly. Alsa, some ofthese calves and some oftheir mothers had antibodies to the Akabane virus and same were positive against BTV. In view of the fact that these calves had taken calastrum, it is difficıılt to evaluate whether it is active B1uetongue and Akabane viruses are transmitted by biting midges of the genus Culieoides (6, 9, ı8, 30) or mosquitoes (19, 28) . Central nervous system anomalies have been observed in ealves bom to dams exposed by BTY, Akabane virus and other viruses -e.g., boyine viral diarrhea, Aino, Chuzan-in the first trimester of pregnaney (II, ı5, 23, 26) . In the last outlıreak, similarly, pregnant eows could have been infected by the virus or viruses at the end of summer 1984 by ınidges. However, there İs no dat:! on Culieoides movements or on meteorological eonditions, but it is possible tnat during suitablc weather eonditions, biting midges may migrate from other mediterranean countries and this beeame active in the southem part of Turkey. Also, there is serological evidence of Akabane activity in Cyprus, Jsrael, Northem Syria and Jordan (Fig. 18) 
(P.S. Mellor, personel communication).
Clinical and macroscopical findings in hydranencephalic calves were almost identical with the literature (8, i i, J5, 21, 24, 29, 34) except the obstruction of the 3 rd ventricle, displacement and hypoplasia of the pineal body and cystic septum pellucidum. Cystic septum pellucidum has been cncountered in newbom lambs which their dams infected with pestiviruses (3), but have not been recorded in calves. For the first time, these macroseopical findings are being reported in ealves with hydranencephaJy.
AIso, histologieal findings reported were similar to those of our cases (8, i J, 15, 21, 24, 29, 34) . The sclerotic structure was recognized in various parts ofCNS of the calves. it is noted that sclerotic appearance of the superior and inferior collieuli is a constant and interesting feature of hereditary encephalomyopathy in Hereford calves (32) , whereas it was not considered to be hereditary in our cases. Since most of our cases were third or fourth calves and the first or second calves bom to the same mother suffered no congenital deformities or CNS anomalies we ruled out all eongenital defects. As well as this, the breeds of our cases were diffcrenL The CSF may have caused reactivity of the glial tissue resulting in dense fibrillary gliosis and this may give a sclerotic view to the tissue. In this condition, it can be seen in every cascs exposed by the pressure of the CSF, but it has not been previously recorded in hydranencephalic calves.
Marked nerve cell loss with fibrillary gliosis in the ventral hom of the spinal cord and in the nucleus fasciculi lateralis, nucIeus nervi hypoglossi and nucleus dorsalis nervi vagi of the medulla oblongata have been noted in calves with AG / HE (21). Our cases were only hydranencephalic and there were no marked lesions except haemorrhages in the spinal cords and in those of the nucIei of the medulla oblongata.
In this complicated situation, we believe that the etiology of these outbreaks is stili ohscure. BTV and Akabane virus together or separately may be the causative agents of these outbreaks. Epidemiologic, serologic and virologic studies are needed to elucidate this condition in Turkey. A project is in progress for this purpose.
